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NOTE: The completion of those filing requirements that can be made at a time later than 30 months from the priority date 
results from the Commissioner exercising his judgment under the authority granted under 3 5 USC 371(d). The fding 
receipt will show the actual date of receipt of the last item completing the entry into the national phase. See 3 7 C.F.R. 
§1.491 which states: "An international application enters the national state when the applicant has filed the 
documents and fees required by 35 USC 37 1(c) within the periods set forth in § 1.494 and § 1.495. " 

WARNING: Where the items are those which can be submitted to complete the entry of the international application into 

the national phase are subsequent to 30 months from the priority date the application is still considered to 
be in the international state and if mailing procedures are utilized to obtain a date the express mail 
procedure of 37 C.F.R. §1. 10 mu.st be used (since international application papers are not covered by an 
ordinary certificate of mailing - See 37 C.F.R. §1.8. 

NOTE: Documents and fees must be clearly identified as a submission to enter the national state under 35 USC 371 otherwise 
the submission will be considered as being made under 35 USC 111 37 C.F R. § 1. 494(f). 


1 . Applicant herewith submits to the United States Elected Office (EO/US) the following items 
under 35 U.S.C. 371: 

a. [X] This express request to immediately begin national examination procedures (35 

U.S.C. 371(0). 

b. [X] The U.S. National Fee (35 U.S.C. 371(c)(1)) and other fees (37 C.F.R. § 1.492) 

as indicated below: 
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2,Fees 


CLAIMS 
FEE 

(I) FOR 

(2) NUMBER 
FILED 

(3) NUMBER 
EXTRA 

(4) RATE 

(J) UALUU NA- 
TIONS 

[ ]* 

TOTAL 
CLAIMS 

37 - 20 = 

17 

X $ 18.00 = 

$ 306.00 


INDEPENDENT 
CLAIMS 

8 -3 = 

5 

X $80.00 = 

400.00 


MULTIPLE DEPENDENT CLAIM(S) (if applicable) + $270.00 


BASIC FEE** 

[ ] U.S. PTO WAS INTERNATIONAL PRELIMINARY EXAMINATION 
AUTHORITY 

Where an International preliminary examination fee as set forth in § 
1.482 has been paid on the international application to the U.S. PTO: 
[ ] and the international preliminary examination report states that 
the criteria of novelty, inventive step (non-obviousness) and 
industrial activity, as defined in PCT Article 33(2) to (4) have 
been satisfied for all the claims presented in the application 

entering the national stage (37 CFR 1.492(a)(4)) $100.00 

[ ] and the above requirements are not met (37 CFR 1 .492(a)(1)) 
$690.00 



[X] U.S. PTO WAS NOT INTERNATIONAL PRELIMINARY 
EXAMINATION AUTHORITY 

Where no international preliminary examination fee as set forth 
in § 1.482 has been paid to the U.S. PTO, and payment of an 
international search fee as set forth in § 1 .445(a)(2) to the U.S. 

[ ] has been paid (3 7 CFR 1 .492(a)(2)) $7 1 0. 00 

[X] where a search report on the intemational application has been 
prepared by the European Patent Office or the Japanese Patent 
Office (37 CFR 1.492(a)(5)) S860.00 



Total of above Calculations 

1,566.00 

SMALL 
ENTITY 

Reduction by for filing by small entity, if applicable. Affidavit must be filed, 
(note 37 CFR 1.9, 1.27, 1.28) 



Subtotal 



Total National Fee 

$1,566.00 


Fee for recording the enclosed assignment document $40.00 (37 CFR 1 .21(h)). 
(See Item 13 below). See attached "ASSIGNMENT COVER SHEET". 


TOTAL 

Total Fees enclosed 

$1,566.00 


*See attached Preliminary Amendment Reducing the Number of Claims. 
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[X] A check in the amount of $1.566.00 to cover the above fees is enclosed. 

[ ] Please charge Account No. in the amount of S . 

A duplicate copy of this sheet is enclosed. 


"To avoid abandonment of the application the applicant shall furnish to the United States Patent and 
Trademark Office not later than the expiration of 30 months from the priority date: * * * (2) the basic 
national fee (see § 1.492(a)). The 30-month time limit may not be extended. "37 C.F.R. § 1.495(b). 

If the translation of the international application and/or the oath or declaration have not been 
submitted by the applicant within thirty (30) months from the priority date, such requirements may be 
met within a time period set by the Office. 37 C.F.R. § L495(b)(2). The payment of the surcharge set 
forth in § 1.492(e) is required as a condition for accepting the oath or declaration later than thirty (30) 
months after the priority date. The payment of the processing fee set forth in § 1.492(f) is required for 
acceptance of an English translation later than thirty (30) months after the priority date. Failure to 
comply with these requirements will result in abandonment of the application. The provisions of § 1.136 
apply to the period which is set. Notice of Jan. 3, 1993, 1147 O.G. 29 to 40 


[X] A copy of the hitemational application as filed (35 U.S.C. 371(c)(2)): 

Section 1.495 (b) was amended to require that the basic national fee and a copy of the international application 
must he filed with the Office by 30 months from the priority date to avoid abandonment "The International 
Bureau normally provides the copy of the international application to the Office in accordance with PCT Article 
20. At the same time, the International Bureau notifies applicant of the communication to the Office In 
accordance with PCT Rule 47.1, that notice shall be accepted by all designated offices as conclusive evidence that 
the communication has duly taken place. Thus, if the applicant desires to enter the national stage, the applicant 
normally need only check to be sure the notice from the International Bureau has been received and then pay the 
basic national fee by 30 months from the priority date. " Notice of Jan. 7, 1993, 1147 O.G. 29 to 40, at 35-36. See 
item I4c below. 


\ ] 
I. ] 


[X] 


is transmitted herewith. 

is not required, as the application was filed with the United States Receiving 
Office. 

has been transmitted 

[X] by the International Bureau. 

Date of mailing of the application (ti-om form PCT/IB/308): . 

[ ] by applicant on . 


[X] A translation of the International application into the English language (35 U.S.C. 
371(c)(2)): 

a. [X] is transmitted herewith. 

b. [ ] is not required as the application was filed in English. 

c. [ ] was previously transmitted by applicant on . 

Date 

d. [ ] will follow. 


(Transmittal Letter to the United States Elected Office (EOAJS)— page 4 of 8) 13-18 


09/ 85fe^2.Z 

JC03 Reo'd PCT/fTC 2 1 MAY 2001 


5. [X] Amendments to the claims of the International application under PCX Article 19 (35 
U.S.C. 371(c)(3)): 

NOTE: The Notice of January 7, J 993 points out that 37 C.F.R. § 1.495(a) was amended to clarify the existing and 

continuing practice that PCT Article 19 amendments must be submitted by 30 months from the priority date and 
this deadline may not be extended. The Notice further advises that: "The failure to do so will not result in loss of 
the subject matter of the PCT Article 19 amendments. Applicant may submit that subject matter in a preliminary 
amendment filed under section 1. 121. In many cases, filing an amendment under section 1.121 is preferable since 
grammatical or idiomatic errors may be corrected. " 1147 O.G. 29-40, at 36. 


[ ] are transmitted herewith. 

[ ] have been transmitted 

i. [ ] by the International Bureau. 

Date of mailing of the amendment (from form PCT/IB/308): . 

it. [ ] by applicant on . 

Date 

[X] have not been transmitted as 

i. [X] applicant chose not to make amendments under PCT Article 19. 
Date of mailing of Search Report (from form PCT/ISA/210): JUNE 22. 2000 

ii. [ ] the time limit for the submission of amendments has not yet expired. 

The amendments or a statement that amendments have not been 
made will be transmitted before the expiration of the time limit under 
PCT Rule 46.1. 


6. [X] A translation of the amendments to the claims under PCT Article 1 9 (38 U.S.C. 

371(c)(3)): 

a. [ ] is transmitted herewith. 

b. [ ] is not required as the amendments were made in the English language. 

c. [X] has not been transmitted for reasons indicated at point 5(c) above. 

7. [X] A copy of the international examination report (PCT/IPEA/409) 

[X] is transmitted herewith. 

[ ] is not required as the application was filed with the United States Receiving 
Office. 


[ ] Annex(es) to the international preliminary examination report 

a. [ ] is/are transmitted herewith. 

b. [ ] is/are not required as the application was filed with the United States 

Receiving Office. 

[ ] A translation of the annexes to the international preliminary examination report 

a. [ ] is transmitted herewith. 

b. [] is not required as the annexes are in the English language. 
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[X] An oath or declaration of the inventor (35 U.S.C. 371(c)(4)) complying with 35 
U.S.C. 115 

a. [ ] was previously submitted by applicant on • 

Date 

b. [ ] is submitted herewith, and such oath or declaration 

i. [ ] is attached to the apphcation. 

ii. [ ] identifies the application and any amendments under PCX Article 19 

that were transmitted as stated in points 3(b) or 3(c) and 5(b); and 
states that they were reviewed by the inventor as required by 37 
C.F.R. 1.70. 

c. [X] will follow. 


Other document(s) or information included: 
11. [X] 


/oi International Search Report (PCT/IS A/2 1 0) or Declaration under PCT Article 
17(2)(a): 

a. [X] is transmitted herewith. 

b. [ ] has been transmitted by the International Bureau. 

Date of mailing (from form PCT/IB/308): . ■ 

c [ ] is not required, as the application was searched by the United States 

International Searching Authority, 
d. [ ] will be transmitted promptly upon request. 

e r 1 has been submitted by applicant on • 

Date 

[X] J\n Information Disclosure Statement under 37 C.F.R. 1 .97 and 1 .98: 

a. [ ] is transmitted herewith. 

Also transmitted herewith is/are: 
[ ] Form PTO-1449(PTO/SB/08A and 08B). 
[ ] Copies of citations listed. 

b. [X] will be transmitted within THREE MONTHS of the date of submission of 

requirements under 35 U.S.C. 371(c). 

c. [ ] was previously submitted by applicant on • 

Date 

[ ] An assignment document is transmitted herewith for recording. 

A separate [ ] "COVER SHEET FOR ASSIGNMENT (DOCUMENT) ACCOMPANYING 
NEW PATENT APPLICATION" or [ ] FORM PTO 1595 is also attached. 


(Transmittal Letter to the United States Elected Office (EO/US)— page 6 of 8) 13-1 


09/ 856422 

JCC3 Reo'd PCT TTC 2 1 MAY 2001 


[X] 

Additional documents: 


[ ] 

Copy of request (PCT/RO/101) 

b. 

[X] 

International Publication No. WO 00/33250 



[X] Specification, claims and drawing 


ii. 

[ ] Front page only 


[ ] 

Preliminary amendment (37 C.F.R. § 1.121) 

d. 

[X] 

Other 


FORM PCT/IPEA/416 


1 5 . [X] ITie above checked items are being transmitted 

a. [X] before 30 months from any claimed priority date. 

b. [ ] after 30 months. 

16. [ ] Certain requirements under 35 U.S.C. 371 were previously submitted by the 

applicant on 

, namely. 


AUTHORIZATION TO CHARGE ADDITIONAL FEES 

WARNING: Accurately count claims, especially multiple dependent claims, to avoid unexpected high charges if 
extra claims are authorized. 

NOTE: "A written request may be submitted in an application that is an authorization to treat any concurrent or future 
reply, requiring a petition for an extension of time under this paragraph for its timely submission, as 
incorporating a petition for extension of time for the appropriate length of time. An authorization to charge all 
required fees, fees under § 1.17, or all required extension of time fees will be treated as a constructive petition for 
an extension of time in any concurrent or future reply requiring a petition for an extension of time under this 
paragraph for its timely submission. Submission of the fee set forth in § 1.17(a) will also be treated as a 
constructive petition for an extension of time in any concurrent reply requiring a petition for an extension of time 
under this paragraph for its timely submission. " 37 C.F.R. § 1.136(a)(3). 

NOTE: "Amounts of twenty-five dollars or less will not be returned unless specifically requested within a reasonable 

time, nor will the payer be notified of such amounts; amounts over twenty-five dollars may be returned by check 
or, if requested, by credit to a deposit account. " 37 C.F.R. § 1.26(a). 

[X] The Commissioner is hereby authorized to charge the following additional fees that 
may be required by this paper and during the entire pendency of this application to 
Account No. 12-0425 

[X] 37 C.F.R. 1 .492(a)(1), (2), (3), and (4) (filing fees) 

WARNING: Because failure to pay the national fee within 30 months without extension (3 7 C.F.R. § 1 495(b) (2)) 

results in abandonment of the application, it would be best to always check the above box. 

[ ] 37 C.F.R. 1 .492(b), (c) and (d) (presentation of extra claims) 

NOTE: Because additional fees for excess or multiple dependent claims not paid on filing or on later presentation must 
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only be paid or these claims cancelled by amendment prior to the expiration of the time period set for response by 
the PTO in any notice of fee deficiency (37 C.F.R. § 1.492(d)). it might be best not to authorize the PTO to charge 
additional claim fees, except possible when dealing with amendments after final action 

[X] 37 C.F.R. 1.17 (application processing fees) 
[X] 37 C.F.R. 1.17(a)(l)-(5)(extension fees pursuant to § 1.136(a). 
[X] 37 C.F.R. 1 . 1 8 (issue fee at or before mailing of Notice of Allowance, 
pursuant to 37 C.F.R. 1.311(b)) 


Where an authorization to charge the issue fee to a deposit account has been filed before the mailing of a Notice 
of Allowance, the issue fee will he automatically charged to the deposit account at the time of mailing the notice 
of allowance. 37 C.F.R. § 1.311(b). 

37 C.F.R. 1.28(b) requires "Notification of any change in loss of entitlement to small entity status must be filed in 
the application . . . prior to paying, or at the time of paying . . . issue fee. " From the wording of 37 C.F.R. § 
1.28(b): (a) notification of change of status must be made even if the fee is paid as "other than a small entity" and 
(b) no notification is required if the change is to another small entity. 

[ ] 37 C.F.R. § 1.492(e) and (f) (surchargejees for filing the declaration and/or 
filing an English translation of an Intefeattonal Apphcation later than 30 
months after the priority date). 



Reg. No.: 20,302 ^ .TTTT.TANH. COHEN 

(type or print name of practiti 


Tel. No.: (212)708-1887 


LAD AS & PARRY 


Customer No.: 00140 ?,6 WEST 61^^ STREET 

NEW YORK, N.Y. 10023 


(Transmittal Letter to the United States Elected Office (EG/US)— page 8 of 8) 13-18 


JC03Bec'dPCT/T 

wo 00/33250 PCT/rL99/00645 
COMPUTERIZED ADAPTIVE IMAGING 


FIELD OF THE INVENTION 
The present invention relates to imaging generally and more particularly 
to post acquisition image processing generally. 

BACKGROUND OF THE INVENTION 
Post acquisition image processing is well known in the literature. 
Publications which describe the general state of the art in post acquisition image 
processing are : Lim, J.S. "Two dimensional signal and image processing". Englewood 
Cliffs, NJ. Prentice Hall. (1990); Russ, J.C. "Image processing handbook". CRC Press 
(1992); Pratt, W.K. "Digital image processing". NY John Wiley & Sons, Inc. (1991); 
Rosenfeld, A. and Kak, A.C. "Digital picture processing". Academic Press. (1976); 
Castleman, K.R. "Digital Image Processing". Prentice-Hall Inc. Englewood Cliffs, New 
Jersey. (1979). 

Imaging which provides information relating to refractive characteristics 
in a imaged volume is known for extremely limited applications. In microscopy. Smith, 
Nomarski and Diiferential Interference Contrast (DIC) imaging is known and is 
described in the following publications: Nomarski, G. "Microinterferometre differential a 
ondes polarisees". J. Phys. Radium 16:9S-11S (1955); Lang, W. 
"Differential-Inteirferenz-Miikroskopie", Carl-Zeiss, Oberkochen (1975); Inoui, S. and 
Spring, K.S. "Video Microscopy; the fundamentals". 2nd edition. Plenum Press, NY. 
(1997). Tanford, C. "Physical chemistry of macromolecules". John Wiley NY. (1961) 
Appendix C describes classical Rayleigh interference methods, Philpot and Svenson 
methods based on schlieren image, Lamm method of line displacement, and Gouy 
interference method all developed for determination of one dimensional refractive index 
variations. 

Computer analysis of DIC imaging is not readily achieved. Known 
instances are described in the following publications: Allen, R.D., Allen, N.S. and Travis, 
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J.L. "Video-enhanced contrast, differential interference contrast (AVEC-DIC) 
microscopy; a new method capable of analyzing microtubule related motility in the 
reticulopodial network of AlJogromia laticollaria." Cell Motility I: 291-302 (1981); 
Cogswell, C.J. and Sheppard, C.J.R. "Confocal differential interference contrast (DIG) 
microscopy: including a theoretical analysis of conventional and confocal DIC imaging". 
J. Microsc. 165:81-101 (1992); Gelles, J., Schnapp, B.J. and Sheetz, M.P. "Tracldng 
kinesin-driven movements with nanometre-scale precision", Nature 331:450-453 (1988); 
Hdusler, G. and Kvmer, E. "Imaging with expanded depth of focus". Zeiss Inform. 29: 
9-13 (1987); Preza, C, Snyder, D.L. and Conchello, J- A. "Image reconstruction for 
three-dimensional transmitted light DIC microscopy". SPIE 2984:220-231 
(1997);.Schormann, T. and Jovin, T.M. "Contrast enhancement and depth perception in 
three-dimensional representations of differential interference contrast and confocal 
scanning laser microscope images". J. Microsc. 166:155-168 (1992). 

Computerized ray tracing between discrete refractive and reflective 
surfaces is extremely well developed, but is not well known in the environment of 
non-homogeneous indices of refraction. This area is described in the following 
publications: Hecht E. and Zajac A. "Optics" 2nd ed. Addison-Wesley Reading MA 
(1997); Jenkins, F.A, and White, H.E. "Fundamentals of optics". McGraw-Hill, NY 
(1950) ch.8: Ray Tracing. 

Calculation of point spread functions (PSF) is extremely well known as 
described in the following publication: Bom M. and Wolf E. "Principles of Optics" 
Pergamon London (1959);Goodman J.W. "Statistical Optics" John Wiley & Sons NY 
(1985);Hecht E. and Zajac A. "Optics" 2nd ed. Addison-Wesley Reading MA. (1997); 
Gibson S.F. and Lanni F. "Diffraction by circular aperture as a model for 
three-dimensional optical microscopy". Opt. Soc. Am. A 6:1357-1367 (1989); Gibson 
S.F. and Lanni F. "Modeling aberrations due to mismatched layers for 3-D microscopy" 
SPIE optics in complex systems 1319:470-471 (1990); Gibson S.F. and Lanni F. 
"Experimental test of an analytical model of aberration in an oil-immersion objective lens 
used in three-dimensional light microscopy". J. Opt. Soc. Am. A 8:1601-1613 (1991). 

Deconvolution of three dimensional microscopic images having location 
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independent PSF is well known and is described in the following publications, some of 
them authored by some of the present inventors: Jansson, P. A. ed "Deconvolution of 
images and spectra". Academic Press NY (1997); Agard, DA. and Sedat, J.W. 
"Three-dimensional architecture of a polytene nucleus". Nature 302:676-681 (1984); 
Agard, D.A., Hiraoka, Y., Shaw, P. and Sedat, J.W. "Fluorescence microscopy in three 
dimensions". Methods in Cell Biology 30: 353-377 (1989); Castleman, K.R. "Digital 
Image Processing". Prentice-Hall Inc. Englewood Cliffs, New Jersey (1979). Correction 
of telescopic images by the use of suitably distorted mirrors and deconvolution of two 
dimensional telescope images having location dependent PSF are described in the 
following publications: Boden, A.F., Reeding, D.C, Hanisch, R.J., Mo, J. and White, R. 
"Comparative results with massively parallel spatially-variant maximum likelihood image 
restoration". Bui Am Astr. Soc 27:924-929 (1995); Boden, A.F., Reeding, D.C, 
Hanisch, R.J. and Mo, J. "Massively parallel spatially-variant maximum likelihood 
restoration of Hubble space telescope imagery". J Opt Soc Am A 13: 1537-1545 (1996); 
Jansson, P.A. ed. "Deconvolution of images and spectra". Academic Press NY (1997); 
Tyson R.K. "Principles of Adaptive Optics" Academic Press NY (1 991). Reconstruction 
of blurred images from point objects is described in the following publications: 
Carrington, W.A., Lynch, R.M., Moore, D.W., Isenberg, G., Fogarty, K.E. and Fay, F.S. 
"Superresolution three-dimensional images of fluorescence in cells with minimal light 
exposure". Science 268:1483-1487 (1995); Femino, A.M., Fay, F.S., Fogarty, K., and 
Singer, R.H. "Visualization of single RNA transcripts in situ". Science 280:585-590 
(1998). 

SUMMARY OF THE INVENTION 

The present invention seeks to provide improved apparatus and 
techniques for post acquisition image processing. 

There is thus provided in accordance with a preferred embodiment of the 
present invention apparatus for computational adaptive imaging including an image 
information acquirer providing information relating to the refractive characteristics in a 
three-dimensional imaged volume, a ray tracer, utilizing the information relating to the 
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refractive characteristics to trace a multiplicity of rays from a multiplicity of locations in 
the three-dimensional imaged volume through the three-dimensional imaged volume, 
thereby providing a location dependent point spread function and a deconvolver, utilizing 
the location dependent point spread function, to provide an output image corrected for 
distortions due to variations in the refractive characteristics in the three-dimensional 
imaged volume 

Preferably, the image information acquirer acquires at least two 
three-dimensional images of a three-dimensional imaged volume, at least one of the two 
three-dimensional images containing the information relating to the refractive 
characteristics in a three-dimensional imaged volume. 

When the refractive characteristics are extractable from the image to be 
corrected for distortions, or are known independently, only one three-dimensional image 
need be acquired. 

The acquirer may obtain refractive index information from DIC, for 
example from phase microscopy or from fluorescence -for example in DNA associated 
stains wherein the stain intensity is proportional to the refractive index increment. 

Refractive index mapping may be applied to samples whose refractive 
index is known. For example this may apply to microchip wafer structures, whose 
geometry is known. 

In accordance with a preferred embodiment of the present invention, the 
image acquirer acquires at least three three-dimensional images of the three-dimensional 
imaged volume. 

Preferably, the image acquirer acquires a plurality of three-dimensional 
images of the three-dimensional imaged volume, each the image having a discrete 
wavelength band. 

iAJtematively, the image acquirer acquires a multiplicity of 
three-dimensional images of the three-dimensional imaged volume, each the image 
having a wavelength band which is part of a continuum represented by the wavelength 
bands of the multiplicity of three-dimensional images. 

hi accordance with a preferred embodiment of the present invention, the 
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ray tracer and the deconvolver utilize the information relating to the refractive 
characteristics in a three-dimensional imaged volume obtained from one of the 
three-dimensional images to correct at least another one of the three-dimensional image 
or itself 

The acquirer may obtain refractive index information from DIC, or from 
phase microscopy or from fluorescence -for example in DNA associated stains wherem 
the stain intensity is proportional to the refractive index increment. 

Refractive index mapping may be applied to samples whose refractive 
index is known. For example this may apply to microchip wafer structures, whose 
geometry is known. 

According to one embodiment of the present invention, the 
three-dimensional images are electromagnetic energy images. Preferably, the 
three-dimensional images are infrared images. 

Alternatively, the three-dimensional images are non-electromagnetic 

images. 

In accordance with a preferred embodiment of the present invention, the 
image acquirer receives digital image data from a digital image source and denves 
therefrom the information relating to the refractive characteristics in a three-dimensional 
imaged volume. 

Preferably, the ray tracer and the deconvolver operate repeatedly over 
time to provide a multiplicity of output images, each corrected for distortions due to 
variations in the refractive characteristics in the three-dimensional imaged volume. Such 
a deconvolution process can be iteratively applied to the whole process to improve the 
estimation of the refractive index. 

In accordance with one embodiment of the present invention, the output 
image is an acoustic image and the refractive characteristics are characteristics of a 
material which the passage of acoustic energy therethrough. 

In accordance with an alternative embodiment of the present invention, 
the output image is an electromagnetic image and the refractive characteristics are 
characteristics of a material which the passage of elearomagnetic energy therethrough. 


5 


wo 00/33250 


PCT/IL99/00645 


There is also provided in accordance with a preferred embodiment of the 
present invention a method for computational adaptive imaging including the steps of 

providing information relating to the refractive characteristics in a 
three-dimensional imaged volume; 

ray tracing, utilizing the information relating to the refractive 
characteristics, a multiplicity of rays from a multiplicity of locations in the 
three-dimensional imaged volume through the three-dimensional imaged volume, thereby 
providing a location dependent point spread function; and 

deconvoluting, utilizing the location dependent point spread function, 
thereby providing an output image corrected for distortions due to variations in the 
refractive characteristics in the three-dimensional imaged volume. Such a deconvolution 
process can be iteratively applied to the whole process to improve the estimation of the 
refractive index. 

Preferably, the step of providing information includes acquiring at least 
two three-dimensional images of a three-dimensional imaged volume, at least one of the 
two three-dimensional images containing the information relating to the refractive 
characteristics in a three-dimensional imaged volume. 

When the refractive characteristics are extractable from the image to be 
corrected for distortions, or are known independently, only one three-dimensional image 
need be acquired. 

In accordance with a preferred embodiment of the present invention, the 
step of providing information includes acquiring at least three three-dimensional images 
of a three-dimensional imaged volume. 

Preferably, the step of providing information includes acquiring a plurality 
of three-dimensional images of the three-dimensional imaged volume, each image having 
a discrete wavelength band. 

In accordance with a preferred embodiment of the present invention, the 
step of providing information includes acquiring a multiplicity of three-dimensional 
images of the three-dimensional imaged volume, each the image having a wavelength 
band which is part of a continuum represented by the wavelength bands of the 
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multiplicity of three-dimensional images. 

In accordance with one embodiment of the present invention, the 
three-dimensional images are electromagnetic energy images. Preferably, the 
three-dimensional images are infrared images. 

In accordance with an alternative embodiment of the present invention, 
the three-dimensional images are non-electromagnetic images. 

The refractive index may be in any medium and the imaging method may 
be for a generalised method for inhomogeneous media that may distort the image. 

Preferably, the step of providing includes receiving digital image data 
from a digital image source and deriving therefrom the information relating to the 
refractive characteristics along a multiplicity of light paths in a three-dimensional imaged 
volume. 

In accordance with a preferred embodiment of the present invention, the 
steps of providing information, ray tracing and deconvolving operate repeatedly over 
time to provide a multiplicity of output images, each corrected for distortions due to 
variations in the refractive characteristics in the three-dimensional imaged volume. Such 
a deconvolution process may be iteratively applied to the whole process to improve the 
estimation for the refractive index map. 

There is also provided in accordance with a preferred embodiment of the 
present invention apparatus for utilizing differential interference contrast images to 
provide three-dimensional refractive index information including a line integrator 
operating on differential interference contrast images displaying a directional derivative 
of refractive index of an object to invert the directional derivative thereof, thereby 
providing a plurality of two-dimensional representations of the refractive index of the 
object, Aitema.tively the three-dimensional refractive index map can be obtmned from 
phase microscopy, or from fluorescence where the staining is proportional to the 
refractive index increment. 

There is additionally provided in accordance with a preferred embodiment 
of the present invention apparatus for utilizing differential interference contrast images to 
provide three-dimensional refractive index information and also including a deconvolver 
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performing deconvolution of the plurality of two-dimensional representations of the 
refractive index of the object, thereby reducing out-of-focus contributions to the 
two-dimensional representations of the refractive index of the object. 

There is further provided in accordance with a preferred embodiment of 
the present invention a method for utilizing differential interference contrast images to 
provide three-dimensional refractive index information including performing line 
integration on differential interference contrast images displaying a directional derivative 
of refractive index of an object to invert the directional derivative thereof, thereby 
providing a plurality of two-dimensional representations of the refractive index of the 
object. Alternatively the three-dimensional refractive index map can be obtained from 
phase microscopy, or from fluorescence where the staining is proportional to the 
refractive index increment. 

Additionally in accordance with a preferred embodiment of the present 
invention there is provided a method for utilizing differential interference contrast images 
to provide three-dimensional refractive index information and also including performing 
deconvolution of the plurality of two-dimensional representations of the refractive index 
of the object, thereby reducing out-of-focus contributions to the two-dimensional 
representations of the refractive index of the object. Again, the three-dimensional 
refractive index map can be obtained from phase microscopy, or from fluorescence 
where the staining is proportional to the refractive index increment. 

Further in accordance with a preferred embodiment of the present 
mvention there is provided apparatus for ray tracing through a medium having multiple 
variations in refractive index including: 

a computer employing an analytically determined path of a ray through 
the multiplicity of locations in the medium, for a plurality of rays impinging thereon in 
different directions, by utilizing known local variation of the refractive index at a 
multiplicity of locations in the medium. 

There is additionally provided in accordance with a preferred embodiment 
of the present invention a method of ray tracing through a medium having multiple 
variations in refractive index including: 
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determining local variation of the refractive index at a multiplicity of 
locations in the medium; 

analytically determining the path of a ray through the multiplicity of 
locations in the medium, for a plurality of rays impinging thereon in different directions. 
The ray tracing may also include the computation of absorptions, reflections and 
scattering of rays and their contributions to the imaging process. 

Still further in accordance with a preferred embodiment of the present 
invention there is provided apparatus for confocal microscopy including: 

a ray tracer, employing known variations of the refractive index in a 
three-dimensional sample for determining the paths of a multiplicity of rays emerging 
from at least one point in the sample and passing through the sample, thereby 
determining an aberrated wavefront for each the point; and 

an adaptive optics controller utilizing the aberrated wavefront to control 
an adaptive optical element in a confocal microscope, thereby to correct aberrations 
resulting from the variations in the refractive index. 

There is additionally provided in accordance with a preferred embodiment 
of the present invention a method for confocal microscopy including: 

determining variations of the refractive index in a three-dimensional 

sample; 

determining the paths of a multiplicity of rays emerging from at least one 
point in the sample and passing through the sample, thereby determining an aberrated 
wavefront for each the point; and 

utilizing the aberrated wavefront to control an adaptive optical element in 
a confocal microscope, thereby to correct aberration resulting from the variations in the 
refractive index. 

There is additionally provided in accordance with a preferred embodiment 
of the present invention a method for adding (computationally or physically) in the 
imaging path a three-dimensional medium (anti-sample) with refractive properties that 
correct for the distortions of the three-dimensional sample. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
The present invention will be understood and appreciated more ftilly from 

the following detailed description, taken in conjunction with the drawings in which; 

Figs. lA and IB are respectively representations of three dimensional 

microscopic images of an object according to the prior art and in accordance with the 

present invention; 

Fig. 2 is a simplified partially pictorial, partially block diagram illustration 
of apparatus for computational adaptive imaging constructed and operative in 
accordance with a preferred embodiment of the present invention; 

Fig. 3 is a simplified flow chart of the operation of the apparatus for 
computational adaptive imaging of Fig. 2; 

Fig. 4 is a simplified diagram of line integration functionality which is 
carried out by the apparatus of Fig. 2; 

Fig. 5 is a simplified diagram of ray tracing functionality which is carried 
out by the apparatus of Fig. 2; 

Fig. 6 is a simplified diagram of wavefront integration functionality which 
is carried out by the apparatus of Fig. 2; and 

Fig. 7 is a simplified flow chart illustrating deconvolution ftmctionality 
which is carried out by the apparatus of Fig. 2. 

DETAILED DESCRIPTION OF THE INVENTION 
Reference is now made to Figs. lA and IB, which are respectively 
representations of three dimensional microscopic images of an object according to the 
prior art and in accordance with the present invention. 

It is known in the prior art to image a point source or a collection of point 
sources in an ideal sample displaying no substantial variation in refractive index. When an 
ideal optical system is focussed at slightly different depths in the sample, a three 
dimensional image appears, including a plurality of two-dimensional diffraction limited 
images designated by Roman numerals I, II, III, IV and V in Fig. lA. The prior art, 
described, inter alia in the aforesaid Agard et al 1989 reference is capable of 
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deconvoluting the plurality of two-dimensional images I - V to a deconvoluted three 
dimensionai image, including a single in focus two-dimensional image VI, which contains 
substantially all of the image intensity from images I - V and a plurality of out of focus 
two-dimensional images which substantially contain no image intensity 

The prior art, however, does not know how to deal adequately with 
samples which display substantial variation in refractive index. 

The present invention provides a solution to this problem, as illustrated in 
Fig. IB which shows images of a non-idea! sample, such as a biological sample, 
displaying substantial variation in refractive index. When an ideal optical system is 
focussed at slightly different depths in the non-ideal sample, a three-dimensional image 
appears, including a plurality of two-dimensional dififraction limited images designated by 
Roman numerals 1, II, III, IV and V in Fig. IB. In contrast to the images appearing in 
Fig. lA, it is seen that these images are extremely non-uniformly distorted due to 
variations in the refractive index at various locations in the sample. 

The present invention, as will be described hereinbelow, is capable of 
deconvoluting the plurality of two-dimensional images I - V in Fig. IB, notwithstandmg 
their great distortions due to variations in the refractive index at various locations in the 
sample, to a substantially non-distorted, deconvoluted three-dimensional image, 
including a single in-focus two-dimensional image VI, which contains substantially all of 
the image intensity from images I - V and a plurality of out-of- focus two-dimensional 
images which substantially contain no image intensity. 

Reference is now made to Fig. 2, which is a simplified partially pictorial, 
partially block diagram illustration of apparatus for computational adaptive imagmg 
constructed and operative in accordance with a preferred embodiment of the present 
invention. The apparatus of Fig. 2 typically includes a conventional computer-controlled 
optical microscope 10, such as a microscope manufactured by Cart Zeiss and sold under 
the name Axioskop. Associated with microscope 10 there are preferably provided 
computer controlled filter wheels 12 and 14. Filter wheel 12 is disposed downstream of 
an excitation light source 16, such as a mercury arc lamp, which provides 
epi-illumination via a computer-controlled shutter 18 and filter wheel 12 to a dichroic 
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mirror 20 within the microscope 10. 

Trans-illumination is provided to a sample 22, typically mounted between 
two slides 24 and 26, by means of a halogen light source 28 via a computer-controlled 
shutter 30. Depending on which of shutters 18 and 30 is open, the sample receives 
trans-illumination or epi-illumination so as to provide either a DIC image or a fluorescent 
image respectively. It is noted that DIC images conventionally require additional optical 
elements in the imaging light path, which are omitted from Fig. 2 for the sake of 
conciseness and clarity. 

In accordance with a preferred embodiment of the present invention, the 
DIC or fluorescent image is received via computer-controlled filter wheel 14 by a digital 
CCD sensor 32, such as a Photometries PXL. Preferably a polarizer is included in one of 
the windows of fiher wheel 14 and is employed for DIC imaging. 

In accordance with a preferred embodiment of the present invention, the 
output of the digital CCD sensor 32 is supplied to a computer 34, such as a Silicon 
Graphics 02 workstation which performs the following functionality: 

ray tracing, utilizing information relating to the refractive characteristics 
in the sample, a multiplicity of rays from a multiplicity of locations in the sample through 
the sample, thereby providing a location dependent point spread function; and 

deconvoiuting, utilizing the location dependent point spread function, 
thereby providing an output image corrected for distortions due to variations in the 
refractive characteristics in the three-dimensional imaged volume. 

Preferably wavefront integration is performed following the ray tracing 
and prior to the deconvoiuting. 

In accordance with a preferred embodiment of the present invention, the 
information relating to the refractive characteristics of the sample is provided by line 
integration of the DIC image. 

Reference is made to Fig. 3, which is a simplified flow chart of the 
operation of the apparatus for computational adaptive imaging of Fig. 2. As illustrated in 
Fig. 3, three dimensional images from the microscope 10 and CCD 32, typically include a 
plurality of obsei-ved fluorescent 3D images 40 and a differential interference contrast 
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(DIC) 3D image 42. 

In accordance with a preferred embodiment of the present invention, line 
integration 44 is performed on the DIC. The line integration preferably provides a 3D 
refractive index map 46. 

In accordance with a preferred embodiment of the present invention, ray 
tracing 48 is performed on the 3D refractive index map 46 and the resulting wavefront is 
subject to wavefront integration 50, thus providing a location dependent point spread 
function (PSF) 52. 

In accordance with a preferred embodiment of the present invention, the 
location dependent PSF is utilized in a deconvolution step 54 which is applied to the 
observed fluorescent 3D image 40. 

In accordance a preferred embodiment of the invention, the deconvolution 
produces a corrected image, such as the image illustrated at reference VI in Fig. IB. 

Reference is now made to Fig. 4, which is a simplified diagram of line 
integration fonctionality which is carried out by the apparatus of Fig. 2. Fig. 4 illustrates 
a sample, such as a sphere 60 of uniform index of refraction, which differs from that of 
surrounding media 62. Sample 60 may be taken to represent a nucleus, while the 
surrounding media may be taken to represent cytoplasm. A scan line 64 illustrates the 
index of refraction as a function of location along line 65. The characteristic PSF of the 
microscope 10 operating in the DIC imaging mode is illustrated at reference numeral 66, 
The PSF is also illustrated by trace 68. 

The output image of sample 60 of the CCD sensor 32 operating in a DIC 
mode is illustrated at reference numeral 70 and also by trace 72. Line integration of the 
output image produces an image 74 which accurately represents the original sample, seen 
at reference numerals 60 and 62. 

It is appreciated that line integration of DIC images has two complex 
contributions in reality. One is the accumulation of noise in the integration and the 
second is the slow contribution of low-intensity out-of-focus contributions. The problem 
of noise is preferably alleviated by introducing a decay function in the line integration. 
The out-of-focus contribution can be reduced significantly by deconvoluting the 
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integrated DIC images. 

Reference is now made to Fig. 5, which is a simpHfied diagram of ray 
tracing flinctionality which is carried out by the apparatus of Fig. 2. As seen in Fig. 5, it 
is seen that an isotropic fan of rays is drawn from every point in an imaged volume, e.g. 
the sample. These rays are ray traced such that their paths and phases are modified in 
accordance with variations in the refractive index of the sample. The result of the ray 
tracing is an aberrated wavefront for every point in the imaged volume. 

Reference is now made to Fig. 6, which is a simplified diagram of prior 
art wavefront integration functionality which is carried out by the apparatus of Fig. 2. As 
seen in Fig. 6, for every point in the vicinity of a focus RO, an interference integral is 
taken over the wavefront. The integrations for all of the points in the vicinity of the focus 
RO define the three-dimensional point spread function, as described inter alia in the 
aforesaid prior art reference to Goodman. 

Reference is now made to Fig. 7, which is a simplified flow chart 
illustrating deconvolution flinctionality which is carried out by the apparatus of Fig. 2. As 
seen in Fig. 7, the observed image 80, such as the observed fluorescent 3D image 40 
(Fig. 3) is deconvoluted using the point spread function (PSF) calculated as described 
hereinabove with reference to Figs. 5 and 6. It is appreciated that the location dependent 
PSF is preferably a multi-resolution PSF. This calculation is preferably performed in an 
iterative process which endeavors to provide progressively better approximations of the 
imaged sample. 

This iterative process typically proceeds by initially defining a guessed 
object 82, v/hich typically is identical to the observed image. The guessed object is 
convoluted with a location dependent point spread function 84, such as that derived by 
ray tracing and wavefront integration (Fig. 3) to produce a blurred image 86. This 
blurred image is compared with the observed image and a correction based on the 
comparison is iteratively applied to the guessed object. FoOov/ing multiple iterations, the 
guessed object constitutes the corrected 3D image of the sample in accordance with a 
preferred embodiment of the present invention. 

Additional technical descriptions of a preferred embodiment of the 
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invention appear in the following article by the inventor 2. Kam. "Microscopic 
Differential Interference Contrast Image Processing by Line Integration (LID) and 
Deconvolution". Bioimaging 6 (4); 166-176 (1998). 

It will be appreciated by persons skilled in the art that the present 
invention is not limited to what has been particularly shown and described hereinabove. 
Rather the scope of the present invention includes both combinations and 
subcombinations of the various features described hereinabove as well as modifications 
and additions thereto which would occur to a person of skill in the art upon reading the 
foregoing description and which are not in the prior art. 
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CLAIMS 

We claim: 

1- Apparatus for computational adaptive imaging including; 

an image information acquirer providing information relating to the 
refractive characteristics in a three-dimensional imaged volume; 

a ray tracer, utilizing the information relating to the refractive 
characteristics to trace a muitiplicity of rays from a multiplicity of locations in the 
three-dimensional imaged volume through the three-dimensional imaged volume, thereby 
providing a location dependent point spread function; and 

a deconvolver, utilizing the location dependent point spread function, to 
provide an output image corrected for distortions due to variations in the refractive 
characteristics in the three-dimensional imaged volume. 

2- Apparatus according to claim l wherein the acquirer is adapted to obtain 
refi-active index information from DIC, for example from phase microscopy or from 
fluorescence. 

3- Apparatus according to claim 1 wherein the acquirer is adapted to utilize 
previously determined refractive characteristics. 

4- Apparatus for computational adaptive imaging according to claim 1 and 
wherein the image information acquirer acquires at least two three-dimensional images of 
a three-dimensional imaged volume, at least one of the two three-dimensional images 
containing the information relating to the refractive characteristics in a three-dimensional 
imaged volume. 

^- Apparatus according to claim 4 and wherein the image acquirer acquires 

at least three three-dimensional images of the three-dimensional imaged volume. 

6- Apparatus according to claim 4 and wherein the image acquirer acquires a 
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plurality of three-dimensionai images of the three-dimensional imaged volume, each the 
image having a discrete wavelength band. 

7. Apparatus according to claim 4 and wherein the image acquirer acquires a 
multiplicity of three-dimensional images of the three-dimensionai imaged volume, each 
the image having a wavelength band which is part of a continuum represented by the 
wavelength bands of the multiplicity of three-dimensional images. 

8. Apparatus according to claim 4 wherein the image acquirer acquires a 
single three-dimensional image of the three-dimensional image volume. 

9. Apparatus according to claim 4 and wherein the ray tracer and the 
deconvolver utilize the information relating to the refractive characteristics in a 
three-dimensional imaged volume obtained from one of the three-dimensional images to 
correct at least another one of the three-dimensional images. 

10. Apparatus according to claim 9 wherein the ray tracer includes effects on 
the image of absorptions, reflections and scattering in the sample. 

11. Apparatus according to claim l, and wherein the three-dimensional 
images are electromagnetic energy images. 

12. Apparatus according to claim 11 and wherein the three-dimensional 
images are infrared images. 

13. Apparatus according to claim 1, and wherein the three-dimensional 
images are non-electromagnetic images. 

14. Apparatus according to claim 1, and wherein the image acquirer receives 
digital image data from a digital image source and derives therefrom the information 
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relating to the refractive characteristics in a three-dimensional imaged volume. 

15. Apparatus according to claim l, and wherein the image acquirer, the ray 
tracer and the deconvoiver operate repeatedly over time to provide a multiplicity of 
output images, each corrected for distortions due to variations in the refractive 
characteristics in the three-dimensional imaged volume. 

16. Apparatus according to claim 1, and wherein the output image is an 
acoustic ima.ge and the refractive characteristics are characteristics of a material which 
the passage of acoustic energy therethrough. 

17. Apparatus according to claim l, and wherein the output image is an 
electromagnetic image and the refractive characteristics are characteristics of a material 
which the passage of electromagnetic energy therethrough. 

18. A method for computational adaptive imaging including the steps of: 
providing information relating to the refractive characteristics in a 

three-dimensional imaged volume; 

ray tracing, utilizing the information relating to the refractive 
characteristics, a multiplicity of rays from a multiplicity of locations in the 
three-dimensional imaged volume through the three-dimensional imaged volume, thereby 
providing a location dependent point spread fiinction; and 

deconvoluting, utilizing the location dependent point spread function, 
thereby providing an output image corrected for distortions due to variations in the 
refractive characteristics in the three-dimensional imaged volume. 

A method according to claim 18, for adding in the imaging path a 
three-dimensional medium (anti-sample) with refractive properties that correct for the 
distortions of the three-dimensional sample. 
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20. A method for computational adaptive imaging according to claim 18 and 
wherein the step of providing information includes acquiring at least two 
three-dimensional images of a three-dimensional imaged volume, at least one of the two 
three-dimensional images containing the information relating to the refractive 
characteristics in a three-dimensional imaged volume. 

21. A method according to claim 20 and wherein the step of providing 
information includes acquiring at least three three-dimensional images of a 
three-dimensional imaged volume. 

22. A method according to claim 20 and wherein the step of providmg 
information includes acquiring a plurality of three-dimensional images of the 
three-dimensional imaged volume, each the image having a discrete wavelength band. 

23. A method according to claim 20 and wherein the step of providing 
information includes acquiring a muhiplicity of three-dimensional images of the 
three-dimensional imaged volume, each the image having a wavelength band which is 
part of a continuum represented by the wavelength bands of the multiplicity of 
three-dimensional images. 

24. A method according to claim 18, and wherein the three-dimensional 
images are electromagnetic energy images. 

25. A method according to claim 24 and wherein the three-dimensional 
images are infrared images. 

26. A method according to claim 18, and wherein the three-dimensional 
images are non-electromagnetic images. 

27. A method according to claim 18, and wherein the step of providing 
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includes receiving digital image data from a digital image source and deriving therefrom 
the information relating to the refractive characteristics along a multiplicity of light paths 
in a three-dimensional imaged volume. 

28. A method according to claim 18, and wherein the steps of providing 
information, ray tracing and deconvoluting operate repeatedly over time to provide a 
muitipiicity of output images, each corrected for distortions due to variations in the 
refractive characteristics in the three-dimensional imaged volume. 

29. A method according to claim 28 wherein the refractive characteristics are 
estimated. 

30- Apparatus for utilizing differential interference contrast images to provide 
three-dimensional refractive index information including a line integrator operating on 
differential interference contrast images displaying a directional derivative of refractive 
index of an object to invert the directional derivative thereof, thereby providing a 
plurality of two-dimensional representations of the refractive index of the object. 

31- Apparatus for utilizing differential interference contrast images to provide 
three-dimensional refractive index information according to claim 30 and also including a 
deconvolver performing deconvolution of the plurality of two-dimensional 
representations of the refractive index of the object, thereby reducing out-of-focus 
contributions to the two-dimensional representations of the refractive index of the object. 

^2. A method for utilizing differential interference contrast images to provide 

three-dimensional refractive index information including performing line integration on 
differential interference contrast images displaying a directional derivative of refractive 
index of an object to invert the directional derivative thereof, thereby providing a 
plurality of two-dimensional representations of the refractive index of the object. 
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33. A method for utilizing differential interference contrast images to provide 
three-dimensional refractive index information according to claim 32 and also including 
performing deconvolution of the plurality of two-dimensional representations of the 
refractive index of the object, thereby reducing out-of-focus contributions to the 
two-dimensional representations of the refractive index of the object. 

34. Apparatus for ray tracing through a medium having multiple variations m 
refractive index including: 

a computer employing an analytically determined path of a ray through 
the multiplicity of locations in the medium, for a plurality of rays impinging thereon in 
different directions, by utilizing known local variation of the refractive index at a 
multiplicity of locations in the medium. 

35. A method of ray tracing through a medium having muhiple variations m 
refractive index including: 

determining local variation of the refractive index at a multiplicity of 
locations in the medium; 

analytically determining the path of a ray through the multiplicity of 
locations in the medium, for a plurality of rays impinging thereon in different directions. 

36. Apparatus for confocal microscopy including; 

a ray tracer, employing known variations of the refractive index m a 
three-dimensional sample for determining the paths of a multiplicity of rays emerging 
from at least one point in the sample and passing through the sample, thereby 
determining an aberrated wavefront for each the point; and 

an adaptive optics controller utilizing the aberrated wavefront to control 
an adaptive optical element in a confocal microscope, thereby to correct aberrations 
resulting from the variations in the refractive index. 

37. A method for confocal microscopy including: 
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determining variations of the refractive index in a three-dimensional 

sample; 

determining the paths of a multiplicity of rays emerging from at least one 
point in the sample and passing through the sample, thereby determining an aberrated 
wavefront for each the point; and 

utilizing the aberrated wavefront to control an adaptive optical element in 
a confocal microscope, thereby to correct aberrations resulting from the variations in the 
refractive index. 
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ai)i>Iicalion, abovo iJaitffied, for such invention. 


ACKNOWLEDGMENT OF REVIEW OFPAKERS AND DUTY OF CANDOU 

1 bsrcfay staiQ that T liave reviewed and unbistand Iht contents of fhs abavc-idartincd 
spodffcatioD, iocludlns the clmms, as amended hy tony amciidmBntrcfenEd (q stbovoi 

1 flcfcoowiedge fte duly to disclose iaformadoo, wJinh is todltmal ia pBtcnCability as defined in 
37, CcdedrroderaJ Rcguladona, Section 1 S6, 

(dfse cAaeit ifie foRamns ttara. tfdes^^ 

[J and which Is material to Hk: cxamiaatbn ^this applicatioft, nuvely, infbnnatioii 
wliorc there is a snbstenaal likeliliood th£t a leasonable Exsmintf vmM consider ii 
important ia doeldzs^ wiiefhtr to silovf tiic igplicatiion. to issoa as. a p&ism, and 

[ 1 in eomplbuce with tliis duty, there is Btladied sa iafonoation dlsdosiarQ 
jtatatiem, la accocdancc with 37 C.FJL Sccticjj 1.9S. 

PKIOWTY CLAIM (35 U.S.C SccUon Um<i)} 

ofipL'eatfon {i r^emtlfo m tte mwft or<iscrfinstfcw laregtavdlsi SbbHo* /.C3, 3fc efote/brpnarfo' end the. 
certjJsdcrjjfi t^AEforeient^icetivntpee^UiSS UJS.C SetSoH U9(i>} mitO tufifsdbtOiKetiS&i^m 
inf»jir94ie9 l.GOf. itheKmesssarjf toOVefttmtae doleifanjiimrtxftlfed^peui tydie txamiucr. wfxa 

ipee^e^rrqmredliya» ekhd/w, ot^intaiti&arsBtKiUins. b^onfi^fmftissrmM. tMm fa- 

the Ei^iskiemsfuse. a emaU&Um nttdnot bifiMtite^iniht em efMeifm>ei:orv>hm ntnxmtry to 

-wbk^f rwHf an En^i^ lOiffMge trmshOian nuu be filed tage^ v>!tjr n ttgummf thai the tftmilatm t^lke 
eeri^cd cepf fir accwroft " 37 CRS. SeeUen JJSfi^, 

1 hereby claim foreign priority benefits under riric 35, TJnieed States Code, Section J 1 9(aH<l) 
of .-wy ftr^gn apfrficotiofjCs) for pateot or invcancort ccrtffxcatc or of any POT uTtcniatkttjal 
s»pplica1ioo(s) dc9ignatii»s at least one counttyothertlttn tfic United States of A(n«rica listed below 
and have also idantifMsd below lay foteigB app!icafion(s) for patent or inventor's ccitificac or aiiy 
rCT intcmaticaiaj »pplioatiOH(s)dcsiBnatrng at least one coontiy olba-tJrtMi&c UaitEd States of 
AiTiBrloa filttl S>y me oiiiiie same snfcjccttaatterhavinff a filing date before l&at of the appUcati of 
w^ich priorit;/ is claimed. 
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(comptete (e^ a 


[} ao aacb ^pUcattons lieve boca fi[od. 

[x] such ApplicAtiQiis bavo been filod ss faJfann. 


m 


PRCOR FORCIG»7FCT AXTLTCATf(SSf(S> FILED WlUnN 12 MOmHS 
MONTHS FOR DESIGN) PRIOtt TO THIS APPLICATION 
AND AIfY WUOIOTY aAlMS WHDTiaiSS TJ,S.e SECJTON It9(«H<IJ 


COTJN!TRY(OR 

JNDICATBIF 

PCT> 

APPUCATTONNUMBER 

DAinOFFirjNG 
DAY,S«»mi,yEAK 

FRIOIUTY 

UNDER 35 use 
119 

IL 

127359 

1 l^ECEMBER 1998 

fxl YES r TNG 

US 

09/238^ 

27JANUAR.V1999 

Ex] YES riNO 




r lYBs r 7NO 




r lYKs r TNo 




riYEs riNo 


CLASMTORmmm ofphioiixj.s. PROvisioBfAL AmiCAnoNts;) 

(55 U,S.C. Section 119(6)) 

1 ]!)CTet>y clahn tlia boiefic tBidcrl^ 35. UoHcd States Code^ Section 1 19(e) of any United 
States proviaonal application's) ihitd below: 

PROVISIONAI. APPLICATION WUMBOfiR mJNG »ATE 

/ 

/ "~ 

f zzzzz 


CLA2M FOR BENEFIT OP K AKUER CS^PCT Al^PUCATIONCS) 
U^CL SECnON 120 

[ I Tlieclaimibrfhebenofftafaoy sucb^pliosUonsaiesetforlli int]iB Mltwi^ 

ADDED PAGES TO COMBINRD DECLARATION AND POWER OF A'nxmNEV 
FOR DIVISIONAL, CONTINUATION OR CONTINUATION.IN.PART fC-I-P) 
APPUCAHON. 


'^JcraOl HON 15J52 08945455B FfS D. 08945455B P. OB/17 


(6 MONTHS FOaDliSlGN) PRIOR TO TRB AJ^tCAtlON 


«!0r£- Srtfai cpptuxaiMtfiM Mwe Aan 12 mnOafim thejmg dale tifituf i^&saim It n fCrjUm^fim^tim 

AJTOmir FOR armONM. CONTMlinmORCi.PAFPliCiTlQlifirbani!fii tfiheprier US.t^?CT 
eggtffeeuemfi) uaAiriS USC Seetitm }30, 


POWER OF ATTOttNKV 

r horeby aj^oiiH tbe foIloWHtg practftiaiuu(s) to ]80!:ccute tKis nppltotioii Tmi titusiict i\l 
business In -tte Palent wid Trademarfc OSIce conncosdiherewtfl]. 

(Usf rmte aid regisimfhn fambo') 


JOSEPH H. IIANDELMAN»26n§^ 

RKHABB 1. STB^i^tS^ 
PEim ft G ALLOWA)Ch!38SS 
IAJNC.J3AILU^24W8 
KTCHARD P. BERG^mM. 

{Ch«cki)»fiMawhig Hem, ifrnfiice^e) 

1 1 I httnefcy ftRJoiOL tfee prtctWon*r(s) j»sociated wTfti the Customtar Nnmber providixl 
belowtoptosccutft this ftppllcab'onaijd to transact an business fn the Patent and 
Tnufcmnrk Office connected IJiccewHli. 

[ I Allacbcd, as padofthisdeolaTatiaR atk] power of attomq*. hilieautfiorizatioii of ibe 
above-named praclitronci(s) to ascejit and foHow mslnicttocis fiom my 
!C]^rcsentattveCs}. 

eefK^MtkAee tiddrextmafiHoti^ihatm br^evudm theceiaiimAm or dl^tmati^tcaion. For 
example. m*«w actfiffcfiht tioA ofdnioKtioiffiom tte prforf^splfeaiim iauttimTtedfiracMiimiKM or 

dMticmf Cfpiktalm tfis ctuutgt tfeorrespMdiinee iiidrts maJs Airing the pnseaaiOB afOefiritir t^ienfim 

k»6iaiac that eaimmmkattoiafivin Oa Offke «* ivaiki to Oa cimateemtpMAiux «Mn»^ 37 CFJi 
l.63(tljf4).- Secthxt £01,03, M.P,EJ:. SthEd 


iAl«?rr.C0RD,J|Z5SL. 
CUrroRD J. MASS^3^ 
CVNIUIA R.MILL2aR, 34678 


(DedmotkM and ^mttx ttAwmcf-^e 5 cf fl J 1 4 


P. Q7/17 


SEND mRRESPONDENCR TO 


DIRKH" mEPHONRCAIiS TO: 
(Msme aid telej^tatte nvmber) 


Ladas^Pany 
-^NCTTYorivSS. 10023 


JUUANH, COHEN 
(212)708-1887 


Since this (Hlns is a [ J coadnnalion [ ] drvisian&l fbrae is attadied hereto a Chficgc of 
Conespoitdeiica Address so lhat tlicze will &b no question as to viliete iiie PTO slioidd djnct al [ 
oortc^ondcnce. 


r hereby deckxc itiat til statements made h^it of HQ' wm kDowIodga Hfr trac eral that all 
Statemefits modo oa mlbnnaf Jon and beh'ef are belloved ta be true; and fiulher-dial llicsc slaGcni cots 
tvero miidc iv^ih tltc knorwtcd^ tihot willTuI f^so statcrnents ami tlie like so made are pimishuble by 
fine or imprisonment, orbnfli, under Section lOOI of Titie 15 of Hie United Statos Codc^ and that 
such w«lf fijl felso siatements nwy jeopsniizo Hid vslidif^ of Ihe appJicatjon or any patent issued 


DECLAHAtlON 


tliareon. 
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viibrevSathH utsetMritfA any oilieFgitKii name criiatial, mg^hts/berre^tnee.poJtt^^iiMeKam^ 
comity ^/tUSsaatiiit. S7 CFJt. SetHon i.62(t!)S)i, 

now.' fewwwjiww eiraBf»a7»ww AefawW^^ 

XtetioK i, 6S(iO(3) regalra (Asr a ^oraieiireerh, infer aRc idem^y mxii invmtcritndprvbibHriia amntm of 

Fall nunc or sole or first Infenter 

Iirraotor's sfgnatorc fa^ x\y\><' h-^W^ 

aaifi fxV i(/t^/of CeBirttyafafiaenBliipSgiTa,, ^ 

Post OfFfce Address SAMBASAJBOVfi \ 


P. 08/1? 


Foil name of scctmd jojut inventor, tf any 


\^ — -(cmnJVamej 
' ^ Irtveirtor'ssfgDatnreCcl. 


JJatc fx^ canintry<>fCa»zeBsi^ TJNTIfiDSTATKS 

Kciidetitt! 294 Yerbg,Buena AvBnufeJSan Frnnn'sfio ral tfi^imfa ^4127 . 

Post Office Adflrcss 


SAMR AS ABOVE 


Fall tumet of third jvnat imreiitair, Jf aiqr 
7wventot»8 tignalBre ix) 


^^^^ 


rost OfiTTBCi Aa^rcss SAtutF. AS ABOVE '-^. ^"f-l 


tneelwnlon oiiltoacr Anarncy-page 7 of Si 1-1 


(tAe£kproperba3^a)for any of the fyUovmg added ptise($) 
£hatfem Alport cfthif det^Cfra^} 

[xj SUpiatnrafor£juithaDd5Dbsequciajo4at2QVoo^ /_ 


{ ] Sigmxar^ by sdiznmsbaioi(tr{x). exccutor<tn}0 or 1«£aIxti{irc»ixtalivo ftx deceased or 
inciapacitalcd anvaaator. fhrnbef ^f^sgEs added 


i ] Si^nafore fbrnwffitcrwbdreruseslosi^ or comiA be readied Ijq^ 
37 C.FJ1, Scct&Mt 1.47. Numbir efpa^ added 


[ } Addled imgcfbrsipatiira by ooe joint jnvcntar on bd^ 

reptcsscaiatiVc cannot te appoiated j'n itmc (37 CJ.'R. Seorita I AT) 


[ J Addtd pages to combixied dcclnatioii and power of itttomcy Sxc division&T, conthuation, <sr 
continuation-in-pttrf (C-I-P> appHcaUoo- 

I ] Number of pages adiied 


[ ] Authan>ationorpnci;iti<)Qei(5) to accept sxd^IowimtcucHt^ 


then atH dft Otsdonihn wfiA this pi^ tad rfeetlfic^nowiR? Ucm) 


I ] Tbis dcclfiratioin ends with ttiTs pag& 


. — ,^ri rstxt; i_ I u. =1 rd D 3«trk3rj3 .on267 njJlB 

22-OCT-20D1 11DS 15! 53 089454556 m H). 089454556 P. 03/17 

PlneHItitMier's Docicet No. UOl 3475-3 


Fun name of Iburtis johrt inventor, if any 

H'x^ec ^^^^ 



Full name of fifWt Joint fnventor, if ai\y 

^*'*— , Conntiy of atraauUp 

Utsiilcnet ' ~~ 

!V»t omee Address _ ' ' — " 


Full iiamc of sixth joint invajtor, ff any 

^^^^^^^^^^^ TSSff^WTS^T^ 

— Countiy «f CHiBcm&in 


InveaWs signatun 
Pate 

PostajniseAiMnsti 


pose 1 0f 1) 1-3 
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FAX NO. 089454556 


P. 02/17 


Pr-jc^ifioncr's Daclcet No. TT 013475-2 

Optiorml Customer No. Bar Code 

■■■ 

00140 


COMBIPnSD DECLARATION AND POWER OF ATTORNEY 

(ORIGINAL, DESIGN, NATIONAL STAGE OF PCT, SUPPLEMENTAL, DIVISIONAL, 
. CONTWUATION, ORC-I-I^) 

As a beiow nnmed inventor, 1 hereby dotfare that: 

TYPE OF DECLARATION 

This declaration is of Ihc foJIowtng type: 

(check one appficabfe item below) 

[ ] original. 
[ ] design. 

SOTE: iVUfi the exception of a smppUmental oath or dedaraiioii submitted m a reissue, a siipplementai oath or 

tiedco-atinn is jjoi treated as rnt amendtiisnt wkIci- 17 CFR IJf2 (Ami:iiirfuinss ajier aifowaijce). M.F,E.P. Section 
7}4,IS, 7^ Ed. 

[ ] supplemental. 

NOTE: J/t/re deciaraliim is for an fnternatUmai Applicaiion haingfilsd as & divisioaai. tortiiatatloit or cmtinuaiioa^in- 
part appSkaiion, do m4 cfxck rptw/ issm; check i^ropriatt one of last thne items. 

[x] nalional stage of PCT. 

^OTE: Ifoue of flte failuvring J Hems apply, then cainplcte aiidcho attach ADDED PAGES FOR DWISICJNAL, 
COm-JNUATION OR. C-I-P. 

NOTE: See 37 C.l''.!^, SectiCli L6S(eO f!^liaucd prosecution qpplwaifat]} fcr use tifaprioriTtmprerDisiana! applictUion 

declaration iitthe cont'inuatitm or divisional ajsiiiicatioa beitjg filed ait beltaff of t!ie same or/evrcrofths invi^ntetrs 
named fn the prior applicatio/i. 

[ ] tlivisionaL 
[ ] f;ontfnuation. 

h/OTE: iVJjere an apiilkatioti discloses and el<ims suhject matter not discl^n ed in the priar appiicalion, or a conliaiiatiOH 
Or divisiona! appiicalion names an invantor not Tsamod in the prior ^pUcaticn, a contiituatton-in-part apphcotitu} 
mvsl bailed wider 37 C.F.R. Section I.Sl(f>) (application fiUng rerjffiraneHis-nonprovisionet! oppficatiauj 

[ ] coiitjnuattOn-in-pTt{C-T-P). 


PATENT 
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IIWENTOHSHIP IDENTIFICATION 

tVARNIlVU^ ff {hs invcistor$ arc ea^f, not Uk inventori cfall Hie cMass. an rxpfanaiioi) t>fihe facts. Utcindttig iIk 
inmership o/aU the claimr M thi: time the Jasl claiased inwatioti jftodft shatddbe submitU'd. 

My residence, post oflfice addi-ess and citizenship are as stated below, next to my name. I bcJtevc that I 
am the origiiwil, first and sole inventor f^onfy one ti/ime if listed H-raw) or an onginal, first and joinL 
inventor (if pfural names are listed bdcfw) of the subject matter that is claimed, and for which a pntent 
is sought on tlie inventtoii entitled: 

TTrLK OF INVENTION 

COMPMTP.R]Zm ADAPTIVE TMAGING 


SPRClflCATION IDENTIFICATION 

The specification of which: 

(complste (a), (b), or (c)) 

Ca) [ ] is attached hereto. 

NOTR: "i'he.foilmving comhiexiticia of informei/iori supplied In an ooih or deciataiioa /fcj on t}te oppJicati/iafiliiig Jaie 
w"r/j a apecificctlon an acceptable as mUlmums for ide/iii/ying a specification and complicufn with an^i one ofthn 
Hums b£low will b& sKcepied as cotujifying Wflh tlx iJenli/iaaiim requirement tifI7 CFR SeciiiNi i.63: 

"(!) nanti ofinvent^fs). andn^ei^iKe to aatUlached specificali<mwh}v}, is both attcfcheJ ta the Mif, or 
dcc!ar(tlw}i at Ihe iime of execmlm and submiited wUh ihe oath or d^farafion onfjifng: 

"f2} tiame of imsntt3r(xf (fmf atlorney dochst tiamber wliich vias on lh& specificaltpn as fil^d; or 

"(J) name ofinveatar(it), and tiiln which was on thir tpecificatien as filed " 

Noik^ of July }3, 199S (\177 0,a 60). 

(b) [ ] was filed on [ ] as Application No. ^ 

[ ] and was amended ott ^ ^ (if applicable). 

NOTE: AmcisJmentsfileUqfierlke originat papers we dep^xitted with the PIV tUat conttnn fKW mntrcr arc not ciiK^'urded a 
fUingdate by buiisg rejvrred to rn lha dsclaration. Acc&rdingly. the amaidmsnts invohedar^ those fikd will/ (tie 
appllcfliioti papiLi-s or. At /fie case of a supplemeiUcJ declaratmw, arc those am^ndmenls dttimiiis matter iiot 
atifampasscdinlfie onsinal JcteUeiaem ofiiwefHifmorclti'ms. See 37 C.F.K Sectioti i,67. 

NOTE: "rtK following combinatioiii afirtformalioa suppHed in an cadi or declaratitmfiled aflsr ihi ptifig dots are 

ftcceplahte as minimram for ideiui^ins a sp^ifscatiatt and covtpliance: vrifh any (tns <tfthe Hems i>^ia\v nill f>c 
accef>ted as complying wUh ihn Idsnt^afivit requirman e^37 C.F. R. SccUort 1,63: 

(yi) ^Ppli(^'^initM!>er(c<mslxtfrigofdie series cixie and ifie serial rnisbcr, e.g., 0S/i2X456); 

(D) serial nvnihcrandjilitis date: 

(Q altoi'iiey docket number vhicli wasontfje speciftcaiiou as fded; 

CO} tiife whfclt was ott tlte specijlcaticn as fifed ami rsference to an attached specijicai ion ^vhich is 
both ailachedlo the oatft t>r dedaration at the time of exertion and siibmifted with the oaih or 
dcctaralioii; or 

(E) tide v'iiich vm on tlm specification a&fded and accompanied by a cover Idler acatratefy 
idenlifying the oppticatianfor wltlch it was Intended by either tin; appfiartiem number (coiis-afin ^ of the 
scries code and flte serial nurnher. aj? , 0S/123,4S6J. or strrial number a»dfil!»s dale. Ahsmt any 
statetnentfs) to rte comrary, a mil bepresumtd that the applica/ioTi filed in ihe P'PO is tlie application 
which the invctitorf.'r) exeaH^d by siting the imlh or detdaration. 

M.P.E.P. Section 6Q!.&I(ii), 7th cd- 
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(c) [x] was described aiid cfainicd in ?CT Tnternational Application No, PCT/H.99/ti0645 
filed on Noveinbef 30. ljK)9 and as amended under PCr Article 19 on Of 
any). 


SUPPLEMENTAL DECLARATION (37 C J^-R. Section 1.67(l>)) 

(camplete the foltowifigwhere a suppkiuen/al {ieclarariofj U being submitted) 

[ ] J hereby dcscbne tlial the subject matter of the 

I ] attached amendment 

[ J amcncfiuent filed on . 

was paii-t of my/ottr invention and was Invented before the fi[ing date of fbc original 
application, above identilied, for such invention. 


ACKl'iOWLEDRMENT OF REVIEW OF PAPERS ANJ> DUTY OF CAHDOU 

1 hereby state that T have reviewed and understand tlie contents of the above-identified 
spcciffcalioii, IncludLiig the claimsj as amended by any amendment referred to abovo. 

1 acknowledge the duly to disclo,* infonnatian, which is ttiaterial to patentability as defined tn 
37, Codo of Federal Regulations, Scclioi: 1 .56, 

(also check the pUcwing Hems, desired) 

[ J and which is material to the examination of this application, namciy, infonnation 

where there is a substantial likelihood that a reasonable Examiner would consider il 
important in deciding Vfhethcr to allow the application to issue as a patent, and 

[ ] in compliance with tliis duty, Ihere is attached an infomiation disclosure 
statement, in accordance witli 37 C.F.R. Section I.9S. 

PRIORITY CLAIM (35 U.S.C. Section n9<a)-(d)) 

NOTE: "Uis chim to pi-ifirily need be in aa /special Jorm ond may be made by the attcs-iiey or agent if the foreif^ij 

appticatlon is refernel to in the imih or d^foratiort as retired by Seciioit J 03, The claim far priority and the 
certified t:xipy of the foreign applicaliun spcctfhd in 35 U.S.C. Seciiim U9(l/) must bs filed in ihe case of an 
stsieijeretice {Section J.630), when itgceisary Itt cvercume the date of a refirencn fefied upon by the examiner, when 
spucificaiiy recjmredby the examiner, esni m all other silitaticTts, before tJie patent is srOnfed. ffthe claim for 
priority cw- tJie certified copy <jf thefaresgti t^pjieatioti is filed after tlie dale liie wok fee lit fJtnd ft i>inft be 
accouipanied by trpetitinti rvquimiingetitr^ and by Ike fee set fath Itt iSection /, f7(t) Iftfts ceriifled copy wot iti 
(he ErigUsh leinjiuase. a tramlalion nued not be fled except in tlie casa c(f inteifsreace: or when necei-s-iry to 
ffvereome tfse dalv of a refenitice relied }ipon by Ifie exaniiner; or -when sp^jfically required by the Cxammcr. in 
Tsliiifi event mi English lanf(,itagfi itatislatian imisl biftitd tv^ther iW/A a staiemsTit ihol ike traiulution oft^m 
ctrtifiecS C0!fy is acnurate." 37 C.F.R. Seciion J.SSfa). 

1 hereby claim foreigit priority benefils under Title 35, United States Code, Section 1 1 9(a)-Cd) 
of ftny foreign application (s) for intent or inventor's certificate or of any PC't international 
applicalion(s) designating at leaist one country other tlimt tlie United States of America listed bclovv 
and [la ve al.w identified below any foreign application(s) for patent or inventor's certificate or any 
PCT international 3pplication(s) designating at least one country other tban the United States of 
America filed by me on the same subject mailer having a filing date before that of the application(s) of 
which priority is claimed. 
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(coniplete (d) or (e)) 

(tf) [ ] no such applications liave been filed. 

(c) [x] sucKappliCiiLions have been filed asToJIows. 

NOTE; Wiiere item (c) isenie/vd above and ike latematicuKtiAppHvation-u/kicii dexigmted ths U.S Usclfclmradp^-iiyrit}/ 
check item (e). enter tire details belo>f and make the fu-i^u-iry claim. 


PRIOR FOKElGN*CT APPLlCATrON(S) FILED %VITH1N 12 MONIHS 
(6 MONTHS FOR DESIGN) PRIOR TO THIS APPLICATION 
AND AJSY PRIORITY CT,AIMS UNT>ER 3S U.S-C. SECmON 1 19(a)-(£l) 


COUNTRY (OR 
INDICATE IF 
PCT) 

APPLICATIOK NUMBER 

DATR OF FILING 
Dj\Y,MOJ>rni,YEAK 

PRIORITY 

UNDER 35 use 
119 

IL 

127359 

1 DECEMBER 199S 

fx] YES f INO 

US 

09/238^5 

27 JANUARY 1999 

[xl YES f INO 




r TYRS r 7NO 




r lYRS r INO 




[}YES riNO 


CLAIM IX>H BENEFTr OF PRIOR U.S. PROVTSIOPfAL APPtJCATION(S) 

(3SU,S.C Section 119(e)) 

1 hereby claim tlic benefit imdcr Title 35, United States Code, Section 1 19(e) of any United 
Sta(Cii proviaiDiial applicatiOD(s) listed below: 

PRO VJSIONAIL, APPLICATION NUMBER FILING BATE 

, / ^_ . 

./ , 

/ , 


CJLAIM FOR BENEFIT OF EARIJER U.S./PCT APPLICATION(S) 
UJVDKR35 U.ac. SECTION 120 

[ ] '.riie claim for llie beiiclit of any such applications are set fortli in the aciactied 

ADDED PAGES TO COMBlNRD DECLARATION AND POWER OF A lTORNBY 
FOR DIVISIONAL, CONTINUATION OR CONTINUATION-IN-PART (C-l-P) 
APPLICATION. 
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ALL rOREIGN APPUCATION(S), fFANY^ FUJED MORE THAN 12 MONIHS 
(6 MONTHS FOR DUSIGN) PRIOR TO THIS U.S. APPLICATION 


Ff/he application Jiled more thoa 12 months from lli&filwg date of thin applicamn If o PCJ/iiing forming Ific- 
baxi^ for th!^ applitotion enfsrmg the IMied Sialic as (J) ibe natitiftal stags;, or 0 a contmHation, ds\'iisir>iwil or 
contmucilion-itt-part. then olsa complete ADDMn PAGES TO ComSNED DECLARATION AND POWBR OF 
ArrOPNUY FORDmSJOHAL (X>NmiiJATI01iORC-I-P APPLICATION for ifenejit of the prior U.S.tirFCr 
applfcaiisjnfs) untf^-r 35 If.S.C Section J 20, 


POWER OF ATTORNEY 

[ Iicieby appoint tlie followmg practiticner(s) to prosecute tfiis application and tmiisjjcl all 
business id tlie Palent and TraJemark Office connected thtsrewith. 

{listmmc cBid registradm number) 

JOS EPH H. I ]AlSDELMAN,,26i79. JULIAN H. COIIBN, 20302 

JOIIN RICI IAKn5UJfl52L_ WFLLIAM R. UVAHSJ^S 

RICHARD J. STRJi]T^252fii__, jf ANGT I. CORD, 33T78 

Pnim D. CiALILOWAYj27SS5„ CLIFFORD J . MASS^^3g<^ 

IAIN C. B.AJLL[Bj2402Q_ CYNTHIA R. MILLER^5467^ 
RICHARD P. BIiRflJSiiS--- 

(Check thefoUayv'tng item, if applicable) 

[ ] I hereby sppuiitl the practitioner(s} associated witli the Customer Number provided 
bc(ow to prosecute this application aiid to transact ad busincfss rii the Piitent and 
I'radcinark Oflice connected therewith. 

t ] Atiachcd, as part of this declaration and power of attorney, is, the aulliorizntion of the 
above-namod pra&titioncr<s) to accept and follow inslnictions frorn my 
rspresBntattvefs). 

NOTE: "Spsciai mro shuhfd bs lakan in ecntinualiiia or divisional applicatlfins to enxztrc that any cliange cf 

corrssp^ndxoce. addrexx in a prior appHceilioa ft rejl^cied in tfis coniinmlion or divaicnai appiication. Far 
Mampfe, V flare a copy of ihs vaift or dtvfcralion from Ihc prior (tppHcaiion is submitted ff/r a coiUimiaiifiri or 
(livisltiTKJl trpplicaiion fded Kndet 37 Cf-H f. 53(b) and tire copy of tin oath cr decloratinnfrcm Hk prtot- 
app!ica(ion ckslgnatssanoltliUirresptimJe/Kead^ess, ffn OJficc may not reeagnize. in the tvuj/imi-alleifr or 
divisionol i^ipticafioii, the change cf correspomlemx address maJs during (ire proseculion fjT the prior appf'i'iition 
AppSicaM is required to identify tha ehat^ af correxpandance address in ffie continuatioa or drvuivnal appiicaliori 
to emrune tiiat ectmmunicattvns from the Office ate ttjailed to the cttrreni correipondence address. 37 CFH 
L6S(<}X4).'" SectiQK6Bl.03. MP.E.P. 7lhEd 
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SEND CORRliSPOMDENCR TO 


DIRECT TELEPHONE CAI .LS TO: 
(Name and t<ilephone nymber) 



JULIAN H, COHEN 
(212)708-1887 


{eomjpiet& the foUawins if applicable) 


Since ihis filing (S a I J coDtinuation [ ] divisional there (s attached hereto a Cfcflngc of 
Correspondence! Address so Ihat there will be no nuestion as to wiicre the PTO should direct all 
correspondence. 


I hereliyy declare that all statemarts made herein of my own knowledge arc true end that al J 
staiemenfcs made on information and belief arc behoved to be true; and fiirlher that lliesc statements 
wercmndc wilJi the knowledge that willful felso statements and tlie like so made are piinishHbJe by 
fine or imprisonment, or both, under Section IDOI oFTitlc 18 of the Ui:iled States Code, and that 
such wniful false statements may jeopardize l2ie validity of Jhe application or any patent issued 


declahatlon 


thci-con. 
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SIGNA'mRE(S) 

NOTK. Cari'fiifty iitdiiate tfie family fot^ (ast) Hiiwe, as it sisauM appear on the fifing receipt and all other docuunnt. 

NOTE- /?(fch inveiuar Must be. ItleniificJ by ft^l name, Unzhtdhig ih^ famify name, euul at Areti/ one given name withuiU 
abbreviation tug^Uier with dny olker siv:n ttanta or initial, uitd by his'her residence, post ojfin-e addi-ess ami 
c^aniry-o/ciiize/iikip. 37 C.F.R. Section i.63(a)(3). 

f^OTE: InvetttOrx may exerjrte se/mrste deetarattons/caths pi-owdedeBchd^cdaration/vaih sets Jbrth ail the iuvmtors. 

Section }. 63(a)(3) requirci that a (kcfaraUcrn/aatk, inter alia, idtaiify each inventor jimi prohibits tha cn-cirifoii of 
separate HeciaretiiofufcaUn ynhick each smfiirth only the nai}ie qft!)e acecuUng inveittcr, 62 Fed, Kfg. 5J, f 3 J. 
53,142, OcioberJH.im, 


Full imuic of sole QT first iuventor 


Jtfivea Name) -GUM^I^ Initial or Name) 

Inventor's signatarc fxl y\yi^ t^/^ 


D»te (7i \ U/z<?/o/ Conniry of Cifizenship ISRAEL 

Residence HashoFttm Street 38, 64365 Tel Aviv ISltAFL 

Post Office Address SAME AS ADOVB 


X 


VuW name of second Joint iuv^tor, if any 

John W SEDAT 

(O'iwn Name) (Middle Initlai or Name) Famify (Or Last Name) 

Inventor's signatHw; (x) 


l)afej(x) . Country of Citizenship I 

Kcsidencc 2Q4 YerbaBuena Avenue. San Francisco. California 94127 

Post Office Address SAME AS ABOVE ^ 


Fnll name of thiird joint inventor, if any 

David . A A GARD 

(Given Name) (Middle litUial or Name) Family (Or Last Name) 

Inventor's signature fx) . __________ 

Date ix) Country of Chizcuxhip UNITED STATES 


Kc$i<lcncc 2R3 Juanita Way, San FraTioisco. California 9412? 

Post Ofirce Atldrcss SAMR AS ABOVE 
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(check proper box(es)for any ofthefoUowins added pagers) 
ihat/orin a part of this declaration) 

[xj Signature for fouith and subsequent j oint inventors. Number of pagfis added _^ } 


i ] Signatnre by a<3TnimstTalor(trijt), eseculorftrix) or legal reprcseiitalive for deceased or 
irtcapa^^it^l'^'^ inventor. Number of pages added 


[ ] Sign ature for inventor who refuses to sign or cinmot be reached by pdson airthcM'iiied under 
37 C.F.R, Section 1.47. Nvntber cf pages added 


[ ] Add&ti page for augnatiirc by one joint invcntcHr cm behalf of deceased iiivcntor(s) where legal 
repiTCiiCntativc tannol be appointed in time, (37 C.F.R. Section 1.47) 


[ J Addc^l pages to combined declaration and powef of attorney for divisionaT, continuatioji, or 
contiBuation-in-part (C-l-P) application. 

[ JNuinljCT of pages added 


[ ] Authorization o rpractitioniJr(s) to accept and follow instructions from iicprcfientalive. 


(ff aojartherpagej furm a part oflhis Declaratian, 
then end this Oeciarat'cm with this page and check ffie ^llo^^^ig Hem) 

[ ] This dccliiratioh ends with thfs page. 
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Practiflnmcr's T>ocket No, U 013475-2 


X 


ADDED PAGE TO COMBINED DECLARATION AND PO%VKR OF 
ATTORNEY FOR SIGNATURE BY FOURTH AND SUBSEQUENT INVENTORS 

Full name of fourth joint inventor, if any 

Rridact M HAUR15R. 

(Given Ndffw) ~ ~ (Middle Initial or Name) ' Family (Or i^t Name) 

Inventor's signature jx) ^ 

l>ate fx} Country of Citizenship IINITBD STATES 


Residence . 12&5 6'^" Avenue. San Ft'aiiciscQ, Cnlifomia 04122 United Stafej; 

Post Otlicc Address SAME AS ABOVE 


Full name of fifth joint jiwentor, if any 

(Uiven Name) " (Miikile Imtial or Nmng) h^umify (Or Last Name) 

Inventor's ^iguatare . 

l>ale „ . Cou ntiy of Citcecitshjp 

Kcsfdcnce 

Post Office Address 


Fiil[ name of aixiCh joint inventor, if any 

(aiwn Name) {Middle /nilial orNaine} ' Fafrjily H'h- 'i^st Nouk) 

Inventor's signature 

l>fttc _. Country of Citixcnship 

ResidcacD 

Vmt Office A<J<Trcsft 


(Atldod I'afiii to Combined Oeslamnoo and Power of Alloircy for Signaiun; hy I'ourlh an<5 Sub.reqncrt [nvculois 
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